Introduction {#sec1-1}
============

India is the third most obese country in the world, and obesity has emerged as a major public health issue.\[[@ref1]\] Urinary albumin excretion (UAE) is often the first sign of nephropathy. Microalbuminuria (MAU) is a cause of worry, as it is the most important risk factor for the increased morbidity and mortality in the obese population.\[[@ref2]\] Population-based surveys have shown an overall prevalence of MAU to be around 4%.\[[@ref3]\]

Diabetes and hypertension are well-known risk factors for nephropathy. But, many studies in literature have found that obesity *per se* even in nondiabetics and nonhypertensives can increase the risk for MAU and therefore nephropathy.\[[@ref4]\] Glomerular hyperfiltration leading to abnormally high glomerular filtration rate is often the first sign of renal damage and has also been linked to obesity.\[[@ref5]\] Probable mechanisms of all this may be altered production of many adipokines, such as leptin, adiponectin, resistin, and visfatin, which may later lead to development of chronic kidney disease.\[[@ref4]\]

Indian obese population is known to have a different biochemical phenotype than other races. There is paucity of Indian studies linking obesity and nephropathy, in absence of diabetes and hypertension.\[[@ref1]\]

This study aims to assess the UAE, prevalence of MAU, lipid profile, and values of eGFR (estimated glomerular filtration rate) in obese, nondiabetic, and nonhypertensive patients, vis a vis nonobese healthy subjects, and attempts to correlate body mass index (BMI) and waist circumference (WC) with MAU and eGFR, respectively.

Subjects and Methods {#sec1-2}
====================

This study was a cross-sectional analytical study. Sample size was calculated at precision of 6% with an expected prevalence according to literature of 12% and a confidence interval of 95% by the formula *n* = {Z^2^p(1-p)}/d^2^, which came out to be 113. Considering 5% loss to follow-up, sample size was calculated to be 120 (60 in each group)..

60 cases and 60 age and sex matched controls were included. Consecutive subjects aged 18 years and more attending out-patient department and wards of a tertiary care teaching hospital in Western India fulfilling inclusion criteria were taken. Institution ethics committee approval was taken and a written, informed consent was obtained from each patient. Subjects with a BMI of \>25 kg/m^2^ and a WC of \>90 cm in males and \>80 cm in females were included as the case group. Age- and sex-matched subjects with a BMI of 18.5--22.9 kg/m^2^ and having a WC of \<90 cm in males and \<80 cm in females were included as control group. Patients having diabetes mellitus (fasting blood sugar \>126 mg/dL and/or glycosylated hemoglobin \>6.5%, according to the American Diabetes Association guidelines 2018), hypertension according to the eighth report of Joint National Committee, hypothyroidism, ischemic heart disease, and congestive heart failure on the basis of electrocardiography and 2D echocardiography, established renal disease on the basis of deranged renal function tests, macroalbuminiuria and ultrasound, autoimmune disease on the basis of history, acute febrile illness on the basis of fever and laboratory reports, urinary tract infection on the basis of history and urine report, history of drug intake, such as steroid, history of smoking, or any known endocrine disorder were excluded. Dyslipidemia was not excluded as its elucidation was one of the aims, although it was a potentially confounding factor in the analysis. Data were collected using a pretested proforma meeting the objectives of the study. Detailed history was taken and necessary investigations were done. WC was measured midway between the inferior margin of the last rib and the crest of the ilium in a horizontal plane and BMI was calculated by formula: weight (kg)/(height in m)^2^. Obesity was classified as class 1 and class 2 on the basis of BMI (obese class I: BMI 25.0--29.9 kg/m^2^ and obese class II: BMI ≥30.0 kg/m^2^). Patients were investigated after an overnight fast. Complete blood count, renal function test, liver function tests, serum electrolytes, urine routine, including albumin, sugar and microscopy, fasting lipid profile, blood sugar fasting, and postprandial were done in all cases and controls. Presence of UAE and MAU was assessed in each patient by quantitative immunoturbidimetry method on a spot urine sample using Roche diagnostics kit. The laboratory staff were blinded to the group that cases belonged. Reference range of albumin excretion was \<30 mg/g creatinine. MAU was defined as 30--300 mg albumin/g creatinine. eGFR values were calculated in each patient by Cockcroft Gault formula: Creat Clear = Sex \* ((140-Age)/(Serum Creat)) \* (Weight/72). Normal value was 90--120 mL/min/kg. A value \>120 mL/min/kg was considered abnormally high in this study.

The data were analyzed using SPSS (2015 version) and WinPepi. Descriptive statistical analysis was carried out. Results on continuous measurements were presented as mean ± SD (Min-Max) and results on categorical measurements were presented in number (%) and Mid -- *P* 95% CI, where applicable. Significance was assessed at 5% level of significance. Mann--Whitney U test was used to find the significance of study parameters on continuous scale between two groups (intergroup analysis), since the data were not normally distributed. Fisher Exact test was used to find the significance of study parameters on categorical scale between two or more groups. Finally, Spearman\'s correlation coefficient was calculated to find the strength of association between the variables as they were not normally distributed.

Results {#sec1-3}
=======

In total, 115 patients were potentially eligible to be included as case group, fitting the Asia Pacific definition of obesity, and were examined for eligibility. Around 120 patients were eligible for the nonobese control group. Out of the 115, 60 were confirmed eligible after basic investigations and included in the case group. Similarly, out of 120 subjects, 60 were confirmed eligible for the control group. These were analyzed. The rest of them had one or more exclusion criteria already mentioned.

Overall, 32 (53.33%) subjects in the case group were in age range of 20--30 years, 22 (36.66%) in age range of 30--40 years, and only 6 (10%) were in the \>40-year age group \[[Figure 1](#F1){ref-type="fig"}\]. The mean age of cases was 31.90 ± 6.32 years and of controls was 29.55 ± 7.012 years. Hence, this study had mostly a young population. Among cases, 36 (60%) were male and 24 (40%) were female. Among the controls, 34 (56.67%) were male and 26 (43.33%) were female \[[Figure 2](#F2){ref-type="fig"}\]. The WC was 90--95 cm in 30 patients (50%), 96--100 cm in 22 (36.66%), and 101--105 cm in 8 patients (13.33%). About 47 patients (78.33%) were in class 1 obese group with BMI of 25--29.99 kg/m^2^ and 13 (21.66%) were in class 2 obese group with BMI of \>30 kg/m^2^.

![Age distribution in cases](IJN-29-166-g001){#F1}

![Sex distribution in cases and controls](IJN-29-166-g002){#F2}

In the case group, the mean total cholesterol was 170 ± 25.54 mg/dL as compared with the controls who had a value of 155.78 ± 16.72 mg/dL. Mean triglyceride level in case group was 145.40 ± 64.90 mg/dL as compared with the controls who had a level of 134.94 ± 24.67 mg/dL. The mean high-density lipoprotein (HDL) level was 40 ± 6.26 and 45.33 ± 4.68 mg/dL in cases and controls, respectively. The mean low-density lipoprotein (LDL) values in cases and controls were 111.39 ± 25.39 and 87.47 ± 16.90 mg/dL, respectively. The total cholesterol and LDL were significantly higher (*P* = 0.000315 and *P* = 0.00001, respectively) and the HDL significantly lower in obese than in nonobese subjects (*P* = 0.000011).

The mean UAE in the case group was 21.20 ± 26.82 mg/g creatinine and in controls was 13.55 ± 9.47 mg/g creatinine, a value which indicated that obese subjects had a higher mean value of albuminuria \[[Table 1](#T1){ref-type="table"}\]. Of the 60 cases, 7 (11.66%) patients had MAU. Among 60 controls, 2 (3.33%) patients had MAU. The result was, however, not statistically significant (*P* = 0.163) (OR = 3.83 with 95% CI:0.8-27.65 for cases to have MAU as compared to controls).

###### 

Comparison of urinary albumin excretion and estimated glomerular filtration rate in case and control group

  Parameters                                            Mean±SD        Mann-Whitney *P* value   
  ----------------------------------------------------- -------------- ------------------------ ----------
  Urinary albumin excretion (mg albumin/g creatinine)   21.20±26.82    13.55±9.47               0.261
  eGFR (mL/min/kg)                                      123.29±20.49   106.59±10.15             \<0.0001

SD: Standard deviation, eGFR: Estimated glomerular filtration rate

The cases had a mean eGFR of 123.29 ± 20.49 mL/min/kg as compared with controls who had a mean eGFR of 106.59 ± 10.15 mL/min/kg, indicating a higher GFR in obese patients, a finding that was statistically significant (*P* = 0.00001) \[[Table 1](#T1){ref-type="table"}\]. Of the 60 cases, 28 (46.67%) patients had an abnormally high eGFR and among 60 controls, only 6 (10%) patients had abnormally high value, a finding that was also found statistically significant. Fishers exact *P* \< 0.001 (OR = 7.88, 95% CI: 2.99 to 22.50) \[[Figure 3](#F3){ref-type="fig"}\]. The OR was calculated as cross product ie ad/bc and 95% CI were Mid-*P* exact confidence intervals calculated using WinPepi statistical package. None had an abnormally low eGFR at this stage.

![Estimated glomerular filtration rate wise distribution in case and control group](IJN-29-166-g003){#F3}

On analyzing the prevalence of MAU in case group according to various stages of BMI, it was found that out of seven patients having MAU, all were in class 1 obese group \[[Table 2](#T2){ref-type="table"}\]. Out of seven patients with MAU, three (42.86%) had a WC of 90--95 cm, two (28.57%) had WC of 96--100, and two (28.57%) had values of 101--105 cm \[[Table 3](#T3){ref-type="table"}\]. Among seven patients with MAU, five (71.43%) patients were young, \<40 years of age. In patients with normal BMI, mean eGFR was 106.59 ± 10.15 ml/min/kg. In class 1 obese group, the mean eGFR was 122.77 ± 21.65 mL/min/kg and class 2 obese group, mean eGFR was 123.96 ± 18.61. There was no significant difference in eGFR between class 1 and 2 obese groups. Out of the seven patients with MAU, five (71.43%) patients had abnormally high eGFR.

###### 

Relation between BMI and MAU in case group

  BMI        MAU (%)   Total        
  ---------- --------- ------------ ------------
  25-29.99   7 (100)   40 (75.47)   47 (78.33)
  ≥30        0         13 (24.53)   13 (21.67)
  Total      7 (100)   53 (100)     60 (10)

MAU: Microalbuminuria, BMI: Body mass index

###### 

Relation between WC and MAU in case group

  WC (cm)   MAU (%)     Total        
  --------- ----------- ------------ ------------
  90-95     3 (42.86)   27 (50.94)   30 (50)
  96-100    2 (28.57)   20 (37.74)   22 (36.67)
  101-105   2 (28.57)   6 (11.32)    8 (13.33)
  Total     7 (100)     53 (100)     60 (100)

MAU: Microalbuminuria, WC: Waist circumference

On correlating the various variables, there was moderate correlation between BMI and eGFR (mL/min/kg) (*r* = 0.435) \[[Figure 4](#F4){ref-type="fig"}\] and also between WC and eGFR (*r* = 0.386) in the study group. This suggested that as the BMI and WC increased, eGFR was abnormally higher. No correlation could be established between anthropometric measurements and UAE.
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Discussion {#sec1-4}
==========

In this study, majority of patients were in age group of 20--30 years (53.33%) and 31--40 years (36.66%). In a study by Pavan *et al*., majority of cases (70%) and controls (63.3%) belonged to 40--60 years of age.\[[@ref6]\] In this study, mean age in cases was 31.90 + 6.32 years, similar to a study by Minoo *et al*., where mean age of the subjects was 30.4 ± 10.7 years.\[[@ref2]\] In this study, among 60 cases, 60% were male and 40% were female, and among 60 controls, 56.6% were males and 43.33% were found to be females. In a study by Pavan *et al*., among the cases, 70% were found to be males and 30% were found to be females, and among controls, 66.7% were males and 33.4% were females.\[[@ref6]\]

In this study, total cholesterol and LDL were significantly higher in obese subjects, whereas HDL level was significantly decreased. In a study by Bhatti *et al*. on obese subjects, all the parameters except serum HDL level showed major increase in obese persons, whereas HDL level was considerably decreased, a finding similar to this study.\[[@ref7]\]

In this study, the mean UAE in cases was 21.20 ± 26.82 mg/g creatinine and in controls was 13.55 ± 9.47 mg/g creatinine, a value which was higher although not found statistically significant. This means that UAE was higher in obese subjects as compared with nonobese without any confounding factors, such as diabetes and hypertension. In a study by Valensi *et al*., daily UAE was significantly higher in obese, nondiabetic, normotensive people.\[[@ref4]\] Several studies have also shown that abdominal or visceral obesity is associated with albuminuria.\[[@ref8][@ref9]\] In those studies, abdominal obesity was measured by either bioelectrical impedance or WC. In a study done by Dittman *et al*., it was found that BMI positively correlated with albuminuria.\[[@ref10]\]

In this study, among the cases, 11.66% patients had MAU, whereas among the controls, 3.33% did. This finding was not found statistically significant, although otherwise healthy obese subjects were 3.83 times more likely to develop MAU than the nonobese subjects, even without diabetes and hypertension, according to this study. In a study by Valensi *et al*., prevalence of MAU was found to be 12.1% in nondiabetic obese people, a value similar to this study.\[[@ref4]\]

In this study, cases and controls had a mean eGFR of 123.29 ± 20. 49 mL/min/kg and 106.59 ± 10.15 mL/min/kg, respectively. About 46.67% patients had abnormally higher GFR (\>120 mL/min/kg being considered abnormal) and among 60 controls, 6 (10%) patients had abnormal eGFR. Both findings were statistically significant. An abnormally high GFR suggested glomerular hyperfiltration. According to the National Kidney Foundation guidelines, for an age of 20--29 years, average measured GFR (mL/min/1.73 m^2^) is 116 and keeps decreasing with age; 90--120 is considered normal and \>120 is high. More recently published studies presented lower GFR values as normal, i.e., at 100--110 mL/min/1.73 m^2^.\[[@ref11]\] A study carried out by Chagnac *et al*. and D'Agati *et al*. showed that glomerular hyperfiltration was linked with severe obesity. GFR was 61% higher in the obese than in the control group (*P* \< 0.00001 for GFR). Obesity induces increased renal plasma flow and glomerular hyperfiltration, which ultimately leads to nephropathy. Obesity-related glomerulopathy: clinical and pathological characteristics and pathogenesis.\[[@ref12][@ref13]\]

In this study, out of 47 patients who were class 1 obese, with BMI 25--29.99 kg/m^2^ 14.9% had MAU. There were no patients with MAU in the 13 consecutive patients with BMI over 30 kg/m^2^, which was unexpected. In a study done by Kawar *et al*., the prevalence of MAU in subjects with BMI of 25 kg/m^2^ was 3.1% compared with 12.1% in those with BMI 25--30 kg/m^2^ and 27.2% in obese subjects with BMI 30 kg/m^2^. The prevalence of MAU here increased drastically with the higher BMI category.\[[@ref14]\] In a study done by Minoo *et al*. on obese and very obese patients (BMI was \>30 kg/m^2^), the overall prevalence of MAU was 11.8% (comparable with our study), and it was more prevalent in very obese compared with obese group, a finding not seen in this study.\[[@ref2]\]

In this study, increase in WC was not significantly associated with increase in presence of MAU. In a Korean study, it was found that the prevalence of MAU in a general population was not associated with WC in either men or women.\[[@ref15]\]

Out of the seven patients with MAU in this study, 71.43% patients had abnormally high eGFR. In total, 46.67% had abnormally high eGFR. Out of these, 17.8% showed MAU. Due to the strong association between hyperfiltration (abnormally high eGFR) and risk of MAU found in diabetes and hypertension, hyperfiltration is regarded as a precursor of nephropathy in these clinical conditions. Obesity is itself related to glomerular hyperfiltration and with MAU.\[[@ref13]\]

In this study, among seven patients with MAU, five patients belonged to age group \<40 years. In an Indian study carried out on 50 healthy, young obese (20--30 years), and middle-aged obese-adults (age 31--50 years), there was a 28% frequency of MAU in the study population and 50% in younger age group, \<30 years age, pointing to a higher frequency of MAU in young obese Indians.\[[@ref1]\]

In this study, no statistical correlation could be established between anthropometric measurements and UAE, whereas a moderate statistical correlation was found between BMI and eGFR and between WC and eGFR in study group, showing that as these anthropometric measurements increased, eGFR increased beyond normal range, suggesting hyperfiltration, in otherwise normal patients. In a study carried out by Naderpoor *et al*., there was a positive association between eGFR and BMI, and eGFR and WC, but most of all was related to insulin resistance.\[[@ref16]\]

The limitation of the study was its small sample size, especially the subjects with class 2 obesity, which may be the reason for the lack of difference in the e GFR between class 1 and 2 obese groups.

Conclusions {#sec1-5}
===========

Younger, class 1 obese people with no other risk factors had abnormalities, which is a reason for worry. They had a significantly abnormal lipid profile. Mean UAE and eGFR were higher in them. Prevalence of MAU in these subjects was three times higher than controls, although not statistically significant. No statistical correlation was found between anthropometric measurements and UAE. A moderate statistical correlation was found between anthropometric measurements and eGFR, suggesting that an increasing BMI and WC lead to increase in eGFR beyond normal, in otherwise normal subjects confirming that hyperfiltration occurs. Hence, it can be concluded that younger, healthy obese people in this study already had some degree of early renal damage with hyperfiltration and albuminuria.
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